Utilizing such a method, we have determined the concentration of pyruvic acid in 60 normal subjects (12) . The figures varied from 0.77 to 1.16 mgm. per cent, the average being 0.98 mgm. per cent. We have considered as abnormally high cases with blood pyruvic acid levels above 1.30 mgm. per cent. The spinal fluid pyruvate is 70 to 120 per cent of a corresponding blood sample (average 82 per cent) (13) .
The present study was undertaken in order to determine the clinical significance of the pyruvic acid levels in blood and cerebrospinal fluid.
MATERIALS AND METHODS
Pyruvic acid was determined in the blood by a method previously described (12, 14) . Spinal fluid pyruvate was determined similarly, except that it was found that the stabilizing medium (monoiodoacetate) was unnecessary. (15) have previously indicated that all these cases of "acute" peripheral neuropathy were associated with some type of cortical dysfunction. This group included 11 cases of Wernicke's syndrome, a disease known to be associated with a deficiency of thiamin (16, 17) , and the others showed various types of encephalopathy, including Korsakoff syndrome, delirium tremens, nicotinic acid deficiency and other less serious types of cortical dysfunction. In 3 individuals, the "acute" peripheral neuropathy was associated with beriberi heart disease. Manic-depressive (depressed) 2 4 Involutional melancholia In addition, we studied the blood pyruvic acid in one case each of congenital cerebral aneurysm, generalized syphilis, hyperthyroidism, birth injury, arthritis, cor pulmonale, drug addiction, insulin coma, lysol poisoning, arsenical poisoning, bromide poisoning, barbiturate poisoning, carcinoma of the prostate, bronchopneumonia, lead neuropathy, Little's disease, congenital aphasia, multiple sclerosis, spinal cord tumor, cortical atrophy, meningo-encephalitis of undetermined etiology. Spinal fluid pyruvate was determined in one case each of hyperthyroidism, Little's disease, and arsenical poisoning. The figures in the blood and cerebrospinal fluid were normal in every instance but one. This was a case of lymphoepithelioma of the pharynx with associated cachexia. Blood pyruvic acid in this case was 2.32 mgm. per cent. Determination of vitamin B1 in the blood yielded an abnormally low figure (1.82 gamma) .
Mention must also be made of a paper by Yanof (18) (G) Fever These cases represent a very heterogeneous grouping, the common factor being an elevation of temperature of varying degree and duration. They include cases of meningitis, pneumonia, carbon-monoxide poisoning, cerebral accidents, therapeutic malaria, erysipelas, etc. Thirty-five blood determinations were done, of which 22 were above the accepted normal (1.30 mgm. per cent). In 6 instances, spinal fluid pyruvate determinations were done, and in 4 of these the figures were definitely elevated.
DISCUSSION
It will be noted that two groups of cases showed an abnormal elevation of blood and spinal fluid pyruvates: (a) those associated with nutritional deficiency (45 cases of "acute" peripheral neuropathy and 1 case of lymphoepithelioma with associated cachexia), and (b) 22 cases associated with an elevation in temperature. The first group is readily explained by the fact that thiamin, or more particularly thiamin pyrophosphate, is necessary for the normal catabolism of pyruvic acid. Since it is now generally accepted that the "acute" peripheral neuropathy of alcohol addicts is associated with a deficiency of thiamin, this defect in pyruvic acid metabolism becomes readily understandable (4). In addition, we have presented evidence suggesting that pyruvic acid is a normal intermediary of carbohydrate catabolism in man (2, 14) . In normal individuals, there is a significant rise of pyruvic acid after the ingestion of glucose, reaching a maximum at the end of the first hour and returning to normal within three hours (19) . In 14 cases of "acute" peripheral neuropathy, the pyruvic acid curve following glucose ingestion was abnormally elevated and prolonged (14) . The maximum rise in blood pyruvate was not only greater than that seen in normal individuals, but the elevation above the fasting level was maintained for a period of at least four hours. Furthermore, the maximum rise did not occur at the end of the first hour, as seen in normals, but the pyruvate continued to rise in every instance, and maximal figures were obtained at the end of the second, third or fourth hours. In addition, we have observed that thiamin therapy, alone or in conjunction with other members of the vitamin B complex, corrects this defect in pyruvic acid metabolism (20) .
On the other hand, we have noted hyperpyruvemia in 22 cases of hyperpyrexia unassociated with any clinical evidence of vitamin deficiency. In these cases it may be that the elevation in total metabolism so increases the thiamin requirements that a deficiency occurs with resultant hyperpyruvemia. On the other hand, it should be noted that none of these cases had peripheral neuropathy. This suggests that either the metabolic disturbance must exist for some time before peripheral neuropathy occurs or that hyperpyruvemia may be related to metabolic disturbances other than thiamin deficiency (21) . This subject is now under investigation.
We also wish to emphasize that a normal fasting pyruvic acid may not be an invariable evidence of thiamin adequacy. In 1 case of "acute" peripheral neuropathy and 2 cases of "chronic" peripheral neuropathy with normal fasting blood pyruvate, we have observed an abnormal pyruvate curve following glucose ingestion. This suggests that the pyruvic acid curve following glucose ingestion may prove to be a more sensitive index of thiamin adequacy than the fasting blood pyruvic acid level.
SUMMARY AND CONCLUSIONS 1. Normal fasting pyruvic acid levels are reported in the blood and spinal fluid in cases of "chronic" peripheral neuropathy, chronic alcoholism without objective evidence of nutritional deficiency, various psychiatric and medical disorders and certain cases of hyperpyrexia.
2. Hyperpyruvemia has been noted in cases of "acute" peripheral neuropathy, and in about twothirds of the cases associated with hyperpyrexia.
3. The possible clinical significance of pyruvic acid determinations in the blood and spinal fluid is discussed.
